Résumé. 2014 On étudie, dans l'approximation des liaisons fortes, la contribution électronique à l'énergie d'interaction entre atomes interstitiels en solution dans les métaux de transition (interaction I-I). La Abstract. -The electronic contribution to the interaction energy between interstitial solute atoms (I-I interaction) in transition metals is investigated within the tight-binding approximation. The theoretical method used in this study closely parallels that developed by Einstein and Schrieffer for the adatom interaction. The method permits us to study the solution of the gas atom in the octahedral sites as well as in the tetrahedral sites and also allows us to investigate the interaction between the interstitial and substitutional solute atoms (I-S interaction). Calculations have been carried out as a function of band filling, solute atom energy level, an impurity potential matrix element V0 on the substitutional atom site, and a général hopping potential Va between an interstitial atom and the nearest neighbour host atoms. The numerical results generally indicate the importance of the electronic contribution to the interaction énergies (both I-I and I-S interaction). Under reasonable conditions, our simple model of the I-S interaction is shown to agree well with the experimental data for Fe-based ternary alloys containing the simple gas atoms such as N or C. The angular position dependence of the I-I interaction energy is often weak and the possibility of the interstitial condensation (03B1-03B1' phase transition) observed in a Nb-H system is discussed. Contact is also made with the solute (I-I) interaction based on the elastic theory. 
atoms (I-I interaction) in transition metals is investigated within the tight-binding approximation. The theoretical method used in this study closely parallels that developed by Einstein and Schrieffer for the adatom interaction. The method permits us to study the solution of the gas atom in the octahedral sites as well as in the tetrahedral sites and also allows us to investigate the interaction between the interstitial and substitutional solute atoms (I-S interaction). Calculations have been carried out as a function of band filling, solute atom energy level, an impurity potential matrix element V0 on the substitutional atom site, and a général hopping potential Va between an interstitial atom and the nearest neighbour host atoms. The numerical results generally indicate the importance of the electronic contribution to the interaction énergies (both I-I and I-S interaction). Under reasonable conditions, our simple model of the I-S interaction is shown to agree well with the experimental data for Fe-based ternary alloys containing the simple gas atoms such as N or C. The angular position dependence of the I-I interaction energy is often weak and the possibility of the interstitial condensation (03B1-03B1' phase transition) observed in a Nb-H system is discussed. Contact is also made with the solute (I-I) interaction based on the elastic theory. (to be referred to as I-S interaction). These interaction énergies have been investigated by the measurements of the solute activity and the influence of solute changing of the half-width of the X-ray reflection lines [1] . The elastic relaxation or internal friction methods are also used for this purpose [2] . On the other hand, these 1-1 or I-S interaction energies have been discussed theoretically by the elastic theory (including lattice statics) [3, 4] and other simple treatments such as quasichemical [5] or screened potential approaches [6] . The theory developed so far, however, neglects the covalent nature of the interstitial-host metal atom binding and probably could not be applied to the transition metal systems. The covalent nature induced by the electron hopping between the adsorbed atom and the host metal atoms is generally treated in the problem of chemisorption [7] . The adatom interaction due to the covalent nature in fact explains the surface structures observed, such as c(2 x 2), (2 x 2) and c(4 x 2) [8] . In transition metal alloys, the covalency seems to play a significant role in some respects. For example, energies of solution of H atoms are much more negative in a number of transition metals and alloys than in normal metals (see Table I ), pointing to a large role of the d band. In other light interstitial impurities (B, C, N), most of their screening electrons seem to interact with the d band of the matrix. This is especially clear in recent measurements [9, 10] of hyperfine magnetic coupling of Fe by the Môssbauer effect, which gives a decrease in magnetic moments of Fe atoms near to C or N. On the other hand, an ultrahigh magnetic moment (3.0 JlB) was found by Kim and Takahashi [11] in Fe films containing Fe16N2 compound. Therefore, the covalency effects mentioned above should be taken into account in calculating the 1-1 and I-S interaction energies in the transition metal alloys.
The method we will use in this study closely parallels that developed by Einstein [13] , elastic modulus [14] , vacancy formation energy [ 15] , di-vacancy binding energy [16] , surface tensions [ 17] , and others. Since these calculations of energies do not depend very much on the details of the density of states curve and of the lattice structure, we will treat a simple cubic lattice with five independent s orbitals per atom to simplify the problem.
Our method to calculate the change in the density of states of a perturbed Hamiltonian Je = Jeo + V closely parallels that developed by Einstein and Schrieffer [8] . The [30] . The importance of the solute-solute (elastic) interaction for the a-a' phase transition has been stressed by Alefeld [31] . Now [29] , the difference between the electronic energies associated with each interstice is not taken into account.
(4) Here, na &#x3E; = 2 na&#x3E; = 2 na-a ).
are as follows [47] [5] applied a quasi-chemical approach to these ternary systems and obtained the attractive interactions
for Mn-C and Cr-C and repulsive interaction for Co-C in austenite. We want to answer the question as to why the interaction of the former case is attractive but the interaction of the latter case is repulsive.
In order to investigate these I-S interactions theoretically on our general formalism developed previously, we use the simple diagonal model of Koster and Slater (which has a single narrow band, in which the perturbation introduced by the solute atom is localized on a given lattice site) [35] for the substitutional atom. Let us denote the lattice site and the diagonal potential matrix element of the substitutional solute atom by R3 and V°, respectively. The notation of parameters concerning the interstitial solute atom is identical with that of the preceding sections. Following our general method, we obtain det (1 - lattice. The asymptotic expression of the interaction energy in (4.4) is analogous to the first-order expression derived by Masuda for the vacancy and the impurity atom in noble metals [36] . In order to investigate the interaction between the simple interstitial atom (C or N) The present treatment of the I-S interaction can straightforwardly be extended to the case of the interstitial-vacancy pair [43] . For this purpose, however, it is necessary at least to take into account the diagonal matrix elements on Z sites neighbouring the vacancy site [44] .
Finally we note that the present approach is also applicable to the study of the magnetic properties of the interstitial solid solutions (within the HartreeFock approximation). Fujita et al. [9] are using Môssbauer spectra to investigate the internal magnetic field, isomer shift, and the electric quadrupole effect for the iron atom in the martensite of high carbon steel. Detailed calculations on this matter will be presented separately.
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